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Special color matches in the printing industry have been done by subjective 
means ever since the first colored ink was put in a printing press.  Special, or spot colors 
are colors that are printed individually rather than being “built” from other colors.  One of 
the drawbacks to this subjective method of color matching is that all individuals see color 
differently.  Therefore, it makes sense that a quantitative, or objective, method of 
measuring spot colors could only improve the overall matches of these types of colors. 
 While there has been an objective means of measuring spot colors in place since 
the mid 1970’s, many printers have been reluctant to utilize it for a variety of reasons.  
One of the reasons for this reluctance is the high cost of the instrumentation required to 
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measure color.  Another reason is that the L*a*b* color mapping model appears, on the 
surface, to be somewhat complicated. 
 The L*a*b* color model maps colors on a three dimensional Cartesian coordinate 
system.  Although there are several types of color mapping systems, the L*a*b* model is 
generally preferred for matching spot colors.  The measurements for this model are taken 
with an instrument called a Colorimeter.  Colorimeters are designed to “see” color in 
much the same way that the human eye does. 
 The purpose of the present study is to develop and implement a simple, easy to 
apply, pressroom training program centered on Color Theory, Color Measurement 
Instrumentation and Color Mapping Application.  The need for this type of training is 
being pushed by savvy print buyers, especially those in the packaging industry.  “Close 
enough” color matches are rapidly becoming “not good enough” matches.  While many 
printers have been able to avoid measuring spot colors, the growing use of corporate 
colors and today’s demanding print buyers will fuel the need for this type of training. 
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CHAPTER I:  INTRODUCTION 
 
Professionals in the graphic arts industries have known for many years that color 
sells. To confirm this statement, one need only look at the amount of color in print that 
we come into contact with every day.  As consumers, we see the increasing use of color 
in magazines, advertising, packaging and even in newspapers, which traditionally lacked 
the use of color. The constantly increasing use of color and intense competition in the 
printing industry have led many print buyers to become more demanding when it comes 
to purchasing high quality color reproduction. 
Colors are reproduced on a printing press by one of two methods (Green, 1999).  
In the first method of color reproduction, a wide gamut of colors is reproduced through 
the use of just four colors on press.  Process or four-color printing utilizes combinations 
of cyan, magenta, yellow and black to create this large palette of colors. These 
reproduced colors are said to be “built” from cyan, magenta, yellow and black. While the 
gamut from an average set of process colored inks is acceptable for color reproduction in 
many cases, there are times when a desired color falls outside the reproducible gamut and 
a special color must be used (Field, 1992).  The use of these special colors is the second 
method by which colors are reproduced on a printing press. 
Special colors, which are typically referred to as spot colors, are also appropriate 
when an accurate color match and color consistency are essential (Green, 1999). When 
building colors from a process color set, even slight variations in the amount of cyan, 
magenta or yellow printed can lead to a color shift (X-Rite, 1994). Spot colors are printed 
individually so color matches and consistency are easier to control on press (Green). 
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Spot colors are mixed from a highly saturated set of base colors.  By combining 
different amounts of these base colors, along with black and transparent white, a rather 
large palette of colors can be reproduced (Green, 1999). Typically, these pallets are 
grouped into color systems from which designers and graphic artists will specify their 
choice of colors. The Pantone Matching System® (PMS®) is the most widely used system 
of color specification in the graphic communications industry today (Prust, 1999). The 
Pantone® color specification system contains well over 1000 different colors and assigns 
a number to each one. If a client specifies “185 red” over the phone, a printer can quickly 
view the color in a Pantone® swatch book, which also contains the mixing formulas for 
the colors (Green). While color specification systems such as the Pantone Matching 
System® make it relatively easy to choose and formulate spot colors, accurately matching 
these colors on press is not always quite as easy, especially when subjective means of 
evaluation are used. 
Spot color matches in the printing industry have been done by subjective means 
ever since the first colored ink was put in a printing press (Wright, 1964).  Although there 
are some printers, predominately in the packaging industry, who do measure these colors 
by an objective means, the bulk of the printing industry still “eyeballs” these color 
matches (Field, 1992).  Ultimately, the press operator, the shift supervisor, an ink 
technician or a quality control person makes the call: “Looks good, run it.” The question 
that should then be asked is “looks good to whom?” It has been shown through extensive 
research that all individuals see color differently (Heidelberg, 1995).  Also, as much as 
eight percent of the male population, who make up a large percentage of press operators, 
is known to have some level of color blindness (Zollinger, 1999 & Berger-Schunn, 1994). 
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For these reasons, and others, subjective color matches are becoming less and less 
acceptable when precise color matches are required by the client. 
Color matching of any kind is typically considered part of the make-ready 
process.  Make-ready is the process of setting up a printing press to run good product.  It 
begins immediately after the previous job is cleaned up, and ends when the operator 
begins printing good product (Dejidas & Destree, 1998). A typical spot color match 
involves the press operator running the press at a reasonable production speed and 
obtaining the proper ink settings based on a variety of variables such as the type of press, 
the substrate and the amount of ink coverage.  After proper coverage is obtained, the 
operator will compare the printed color to a “chip” or swatch in a Pantone® color 
specification book. If modification of the ink is required, the press operator will remove 
the ink from the press and an ink technician or the press operator will add the component 
in the ink’s formula that is thought to be needed. 
Eldred and Scarlett point out that “altering the ink on hand to yield a desired color 
is an extremely complex operation and requires a great deal of skill” (1990, p. 22). 
Additionally, without the proper knowledge of color theory and perfect color perception, 
many press operators will resort to trial-and-error color matching methods (Dejidas & 
Destree, 1998).  These trial-and-error color matches can lead to increased make-ready 
times and waste. This is not an area that CEOs in the printing industry would like to see 
increases. As Bruno (1986) relates, there have been countless efforts made by printing 
industry personnel to reduce make-ready times in the pressroom.   
In addition to increased make-ready times and waste, poor color matching skills 
can also lead to a printed job being rejected due to an unacceptable color match.  
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For many demanding print buyers today, “close enough” is not good enough.  Therefore, 
it makes sense that the use of a quantitative, or objective, method of measuring spot 
colors could only improve the overall matches of these colors. 
 There has been an objective, and accepted, means of measuring and graphing spot 
colors in place since the mid 1970s (Hunter & Harold, 1987), but many printers have 
been reluctant to utilize it for a variety of reasons.  The instrumentation required to 
measure spot colors, colorimeters or spectrophotometers, were very costly during the 
early stages of color measurement. But, as Field (November/December 2000) points out; 
the cost of these devices has dropped considerably in recent years.  
 Colorimeters are designed to “see” color in much the same way that the human 
eye does (Adams & Sweeny, September/October 1999). Colorimeters define colors by 
one of several tristimulus data methods. This allows the user to graph or “map” a color on 
a three dimensional Cartesian coordinate system.  One such system is the CIELAB model 
which uses the CIE 1976 L*a*b* opponent-color scales (ASTM, 1991). Although there 
are several types of color mapping systems, the L*a*b* model is generally preferred for 
measuring and matching spot colors (Heidelberg, 1995 & Green, 1999).  
 Another reason that many printers are reluctant to use CIELAB is that the color 
mapping model appears, on the surface, to be somewhat complicated. Although it is 
being used in some pressrooms, it is doubtful that many press operators fully understand 
what the numbers mean and how they can be used to obtain acceptable spot color 
matches. This is due in large part to the cursory training pressroom personnel are 
typically given in color theory, measurement, instrumentation and application.  This 
training is usually given by the vendors selling the instrumentation.  Although they may 
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know their hardware very well, they may or may not fully understand how to apply that 
hardware in a production oriented setting.  
The demands placed on printers with regards to color matches, along with the 
increasing use of corporate colors to identify a company’s logo, product or product lines 
will push the need for more printers to begin using the L*a*b* color mapping model. 
With this growing use of corporate colors and today’s demanding print buyers, there is a 
need for a standardized training program in the use of L*a*b* color mapping that is easy 
to understand and apply in the pressroom. 
Statement of the problem 
 Although there are training programs available in the use of L*a*b* color space, 
there is a lack of standardized, easy to apply training that encompasses color theory, color 
measurement & instrumentation and color mapping application. 
Purpose of the study 
 The purpose of the present research is to develop and implement a simple, easy to 
apply, pressroom training program centered on color theory, color measurement 
instrumentation and L*a*b* color mapping application. In addition to designing and 
delivering the training, the researcher will also attempt to quantify the results of 
implementation to see if in fact the pressroom personnel who received the training found 
it to be helpful with their color matching responsibilities. 
Significance of the study 
 This study is important for the following reasons: 
1. Printing companies who currently use color mapping for spot color matches can 
use the results to improve on internal training practices. 
 
6 
2. Printing companies will benefit by utilizing proper training in the application of 
color mapping. There is the potential to decrease manufacturing costs by reducing 
make-ready times and waste, along with the opportunity to reduce re-work due to 
unacceptable color matches.  
3. This training can provide printing companies with the ability to meet and exceed 
customer expectations regarding color matches. This in turn has the potential to 
become a sales tool for the acquisition of new customers. 
Limitations of the study 
1. The ability to accurately quantify whether or not the training is useful to the 
personnel who receive it may be limited. A survey will be given to all of those 
who receive the training.  Although the survey will be done anonymously, there is 
the possibility of inaccurate responses when giving a survey.  
2. There is no guarantee that printing companies not participating in research will 
use the training methods developed in the research.  
3. There is no guarantee that the printing company participating in the research will 
continue to use the training methods. 
Definition of terms 
1. Additive Color Formation: Color by the addition of red, green and blue light. 
Used to create color on televisions and computer monitors (Prust, 1999). 
2. CIE: Abbreviation for the Commission Internationale de l’Éclairage or 
International Commission on Illumination. The international governing body that 
sets standards in the areas of illumination, color and appearance (X-Rite, 1994). 
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3. CIELAB or CIE L*a*b*: A transformation of the CIE tristimulus values; a three 
dimensional color space whose dimensions L*, a* and b* are at right angles to 
each other (Green, 1999).  
4. CIE XYZ: A set of three values that describe the color of an object. This model 
labels color based on red, green and blue responses. Also known as the tristimulus 
values (Adams & Weisberg, 1998). 
5. CIE Standard Illuminant: A colorimetric illuminant defined by CIE in terms of a 
specific color temperature and relative spectral distribution (ASTM, 1991). 
6. CIE Standard Observer: An ideal observer defined by the angle of view subtended 
by the retina (ASTM, 1991). 
7. Colorimeter: An optical measurement instrument that responds to color in a 
manner similar to the human eye.  Colorimeters examine reflected light in the 
dominant red, green and blue regions (X-Rite, 1998). 
8. Color Space: A geometric space, usually three dimensional, in which colors are 
systematically arranged (ASTM, 1991). 
9. Delta-E or Delta-Error (∆E): The total color difference between two measured 
colors.  Computed using a color difference equation (Hunter & Harold, 1987). 
10. Densitometer: A photo-electric device that measures transmitted or reflected light. 
A reflection densitometer measures the amount of incident light that is reflected 
from the surface of a substrate (X-Rite, 1994). 
11. Flexographic Printing: One of the four dominant printing processes, flexography 
is a relief process that uses flexible photopolymer printing plates. Flexography is 
used extensively in the packaging field (Prust, 1999). 
 
8 
12. Hue: The name of the color such as red, blue, green, yellow or combinations of 
these names such as yellow-green (Field, 1992). 
13. L*a*b*: The three coordinates in a CIELAB three dimensional plot. The values 
are calculated from CIE XYZ tristimulus values. L* is the lightness value, a* is 
the red-green value and b* is the blue-yellow value (Adams & Weisberg, 1998). 
14. Lightness: Describes how light or dark a color is. Also referred to as value (Field, 
1992). 
15. Saturation: Describes the purity or freeness of gray of a color. Also referred to as 
chroma (Field, 1992).  
16. Spectrophotometer: An instrument that measures the characteristics of light 
reflected from, or transmitted through, an object.  The data is interpreted as a 
spectral curve (X-Rite, 1998). 
17. Spectral Curve: A colors “fingerprint”.  The most precise description of the color 
of an object (Berger-Schunn, 1994). 
18. Substrate: Any material with a surface that can be printed on. Paper, plastic films, 
foil laminates and metallized paper are common substrates (Prust, 1999). 
19. Subtractive Color Formation: Color by the subtraction of light.  Cyan, magenta 
and yellow are the subtractive color primaries. Each filters out a portion (⅓) of the 
visible spectrum. (Heidelberg, 1995). 
20.       Visible Spectrum: Visible light. Spans from approximately 400 to 700 
 nanometers on the electromagnetic spectrum. While the visible spectrum   
appears do be divided into bands of red, green and blue light, it is actually made 
up of infinitesimal variations of color (Hunt, 1987 & Field, 1992). 
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CHAPTER II: LITERATURE REVIEW 
  
Technical Training 
 Technical training can be defined as practical, focused training for persons in 
technical occupations (Rothwell & Benkowski, 2002). Technical training enables skilled 
technicians to apply theoretical knowledge to solving technical problems (Carnevale, 
Gainer & Schulz, 1990). While one could make the argument that the content of technical 
training is more important than the delivery, Clark (1999) sees the two components as 
equally important to effective training. She points out that one false assumption about 
technical training is that all one needs to be an effective trainer is strong knowledge of the 
material to be presented. Clark goes on to state that persons with technical expertise are a 
valuable resource within a company. But, she adds that these experts can greatly increase 
their value by learning to effectively and efficiently transmit this knowledge to others. 
 There is growing consensus among employers that technical training is critical to 
business success (Carnevale et al., 1990). Rossi (February 23, 1998) highlights this theme 
by stating: 
 Many engineers, managers and supervisors are responsible for the  
operation of complex systems which perform complicated processes. 
These processes, often run by people, produce products that must 
measure up to marketplace-competitive levels, meet quality standards 
and satisfy customer demands. A key element in producing a  
competitive product is recognizing the importance of well-trained 
technical personnel. (p. 165) 
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A survey of 95 technical trainers done in October of 2000 (Rothwell & Benkowski, 2002) 
listed the following responses as the top reasons for supporting technical training: 
 1. To remain competitive. In a rapidly changing work environment, 
  companies continuously need to upgrade employee skills in order  
to gain or improve their competitive edge. 
2. To reduce downtime. Downtime is a concern in any working  
environment, especially in a manufacturing setting. Effective  
training can make employees more productive, which in turn,  
can reduce downtime. 
 3. To increase the skills of workers. Although an obvious statement,  
  when training is based on the work that people do, it will increase  
  employee “know-how”. 
 4. To improve productivity. Managers expect that training will provide 
  a return on investment. The most measurable return is often an  
  increase in production. 
Lastly, in support of technical training Rossi adds this: “In addition to having a profound 
impact on the success of a company, training also fulfills a basic need in the adult 
trainee” (p. 165). Rossi points out that while we are all concerned with the money we 
make, most employees also have a need for the satisfaction derived from doing a good 
job.  In addition to explaining why there is a need for technical training, several of the 
authors reviewed said that the cost of not doing training, or having poor training, should 
be viewed as another compelling reason to support and justify technical training. 
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 Citing a survey of top management in 221 large companies, Rothwell and 
Benkowski (2002) relate that managers picked poor training as one of the major causes of 
decreased productivity.  The fact that they did not blame the workers themselves shows 
that most upper level managers realize the importance of technical training. Additionally, 
and maybe more importantly, most of these managers are aware of the consequences of 
not providing training to their employees.  
 Expanding on the consequences of not providing training to employees, Clark 
(1999) gives five human resource development trends that will magnify the cost of not 
providing training in the future: 
 1. Increasing dependence on technology. Increasing dependence on  
technology requires skilled employees who understand and know  
how to apply said technology. There are many cases where 
technological functionality goes unexploited because workers 
are not trained properly. 
 2. Knowledge work continues to grow. The information technology 
  industry spends more money on training than any other business 
  segment because they realize growth is unachievable without 
well trained employees. 
 3. An aging workforce. Organizations need to come to grips with  
  how they will efficiently transfer the large skill base from retiring 
  employees to their replacements. 
 4. Increasing access to information.  As businesses receive access to 
  more information through diverse delivery channels such as the  
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Internet, employees must be trained how to access and use this 
information. 
 5. Increased interest in organizational learning objects.  Learning  
objects are small pieces of knowledge. There is a need to take 
these bits of intellectual property and store them in data bases so 
the information can be easily retrieved. Without employees trained 
to do this, some of this information could be permanently lost. 
While all of these trends may not be applicable to every business, they do serve the 
purpose of making managers aware of what is at stake if they choose not to provide 
training for their workforce. 
 The previous paragraphs relate some the costs associated with not providing 
technical training to employees. But, what about the costs of providing training? 
Technical training is typically the easiest to justify because it is usually tied to the work 
that people do (Rothwell & Benkowski, 2002). In today’s highly competitive markets, 
being conservative with respect to training dollars can ultimately lead to larger losses of 
the dollars a company intended to save by reducing training.   
Color Theory  
 The printing industry is one business segment that can benefit from technical 
training because the technology used in the industry advances so rapidly. In fact, Kipphan 
(2001) states “There is hardly any other industry where production technologies have 
been subject to such a fast process of change, particularly since 1985” (p. 1049). Kipphan 
goes on to add that this rapid change in technologies has led to a considerable challenge 
for workers who must master new tools and techniques. While color measurement 
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techniques have been in place for many years, the need to utilize some of the more 
advanced methods is being pressed today by demanding print buyers. 
 To fully understand color matching on press, it is important that pressroom 
personnel first have a basic understanding of color theory (Dejidas & Destree, 1998). In 
the natural world there are two ways that colors are reproduced: Color by the addition of 
light, or additive color theory, and color by the subtraction of light, or subtractive color 
theory (Adams & Weisberg, 1998). One should notice immediately that light is an 
integral part of the sensation we call color. In fact, without light, color does not exist 
(Whiteman & Killeen, September/October1995). Therefore, training centered on color 
measurement and color matching needs to begin with instruction on the nature of light. 
 The visible portion of the electromagnetic spectrum, or what is typically referred 
to as visible light, includes the wavelengths that run from approximately 400 to 700 
nanometers on the spectrum (Destree, 1994).  While the visible spectrum appears do be 
divided into bands of red, green and blue light, it is actually made up of infinitesimal 
variations of color (Hunt, 1987 & Field, 1992). When the wavelengths over the range of 
the visible spectrum are combined in equal proportion, we experience the sensation of 
white light (Destree). When taken individually, the dominant blue, green and red portions 
of the visible spectrum form the basis for additive color theory (X-Rite, 1998). 
 The additive color process begins with black, or the complete absence of light. 
Color is made by adding and mixing the three primary wavelengths of light. Therefore, 
red, green and blue (RGB) are said to be the additive primaries. By combining different 
proportions of red, green and blue light a large gamut of colors can be reproduced. 
Computer monitors, televisions and stage lighting all use the additive color process 
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(Adams & Weisberg, 1998). When two of the additive primaries are combined, the 
additive secondaries of cyan, magenta and yellow are created.  Along with being the 
secondary colors in color by addition, cyan, magenta and yellow are also the primary 
colors in color by subtraction (Heidelberg, 1995). 
 Full color or process printing is based on subtractive color theory. Subtractive 
color can be viewed as the opposite of additive color.  Subtractive color begins with 
white light. Each of the subtractive primaries, cyan, magenta and yellow (CMY), 
subtracts one-third of the visible spectrum. Cyan is said to be “minus red”, magenta is 
“minus green” and yellow is “minus blue” (Whiteman & Killeen, 
September/October1995).  
 It can be helpful to think of the subtractive primaries as filters. When printed on a 
white substrate, cyan, magenta and yellow each filter out one-third of the visible 
spectrum. Much like color by addition, when we combine different proportions of cyan, 
magenta and yellow a large gamut of colors can be created (Heidelberg, 1995). When a 
desired color falls outside the reproducible gamut of a set of process inks a special color 
must be used (Field, 1992). When two of the subtractive primaries are combined, the 
subtractive secondaries, or overprints, of red, green and blue are created (X-Rite, 1998). 
In theory, overprinting cyan, magenta and yellow would give us black. In practice, even 
the best cyan, magenta and yellow inks do not have ideal absorption and transmission 
properties (Whiteman & Killeen, September/October1995). Therefore, a three color 
overprint gives a dark brown hue rather than a rich black. Printers use black ink, along 
with cyan, magenta and yellow ink, so deep blacks can be achieved and the overall 
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contrast of the print can be increased (Heidelberg). This is why process printing is often 
referred to as four-color printing.  
 Prior to the 1970s, color control for process printing was done primarily by eye. 
Setting color was considered a skill that apprentice press operators had to acquire on their 
way to becoming a master press operator (Adams & Weisberg, 1998). With print markets 
as competitive as they are, eyeballing color is rarely acceptable in today’s pressroom. 
Color Measurement Instrumentation and Methods 
 Printed samples are often tested with special instruments developed for that 
purpose (Berger-Schunn, 1994). There are three types of color measurement instruments 
used in the printing industry today (Adams & Sweeny, September/October 1999). 
Densitometers, colorimeters and spectrophotometers are all used to measure colors, but 
the characteristics each instrument measures are quite different. Densitometers are the 
most commonly used instruments for color control, gaining acceptance during the 1970s 
and 1980s (Adams & Weisberg, 1998).  
 Densitometers constitute the lowest level of color measurement instrumentation. 
While densitometers are said to measure color, they are actually color-blind. In reality, 
densitometers measure the total amount of light reflected from the surface of a printed 
sample, an attribute commonly referred to as density (Graphic Arts Technical 
Foundation, 1994 & Kipphan, 2001). The density of any given printed ink film depends 
primarily on three qualities of the printed ink: The pigment, the pigment concentration 
and the ink film thickness (Heidelberg, 1995). Densitometers are used on press to control 
the process colors; cyan, magenta, yellow and black (Dejidas & Destree, 1998). In 
addition to calculating ink densities, the densitometer can also calculate several other 
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print characteristics that can aid a press operator in controlling color reproduction during 
a process-color press run. 
 The print attributes of dot area, apparent trap, print contrast, hue error and 
grayness can also be measured with a densitometer (X-Rite, 1994). Adams and Weisberg 
(1998) point out that densitometry is an important component of process control on 
presses that utilize four-color reproduction methods. As mentioned previously, the 
drawback to densitometers is they do not actually measure color. Toth (December 1996) 
states “color measurement equipment has the goal of describing color differences with 
numerical values” (p. 50). In order to achieve this goal, one must move up to the next 
level of color measurement instrumentation: the colorimeter. 
 Colorimeters “see” color much like the human eye does, by measuring responses 
to light in the dominant red, green and blue regions of the visible spectrum (Adams & 
Sweeny, September/October 1999). Zollinger (1999) expands on this by adding that the 
term colorimetry is typically defined as the quantitative description of colors as they 
appear to the human eye. Upon receiving the tristimulus responses, a colorimeter 
calculates a colors numeric value based on the CIE XYZ color space or one of its 
derivatives (Toth, December 1996). Green (1999) points out that adaptations of the 
original CIE XYZ are widely used in the specification and measurement of color today. 
One such adaptation, CIELAB, is at the center of the current research and will be 
discussed in detail in the following section. 
 The last type of color measurement instrument is called a spectrophotometer. A 
spectrophotometer measures light reflectance across the whole visible spectrum (Adams 
& Weisberg, 1998). The measurements result in a set of reflectance values that are 
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visually interpreted as a spectral curve (Toth, December 1996). Most spectrophotometers 
are said to give abridged data. Rather than read the light reflected from every point 
between 400 and 700 nanometers, abridged spectrophotometers read the light reflected at 
10 or 20 nanometer intervals. Points falling between the measured values are placed by 
interpolation to complete the spectral curve (Kipphan, 2001& Hunt, 1987). 
 A spectral curve is the most accurate description of a color, often referred to as a 
colors fingerprint (Berger-Schunn, 1994). While this is true, it may not be possible to 
infer how similar or dissimilar two colors are by viewing their spectral curves. For this 
reason, colorimetric spaces are more useful in quantifying color differences (Adams & 
Weisberg, 1998).  Also, Toth (December 1996) relates that spectral data can easily be 
converted into colorimetric and densitometric data. Special spectrophotometers, called 
spectrodensitometers, are being used more today because they can calculate data for all 
three methods of color measurement (Adams & Sweeny, September/October 1999). 
 There are several other matters regarding color measurement instrumentation that 
should be mentioned. Better inter-instrumental agreement has been found when users 
choose one manufacturer and model of instrument (Committee for Graphic Arts 
Technologies Standards, March 21, 2003). Additionally, there are the standard illuminant 
and angle of observer settings that should be held constant. While there are a variety of 
standard illuminant specifications for a wide set of applications, as well as two defined 
standard observation angles, Green (1999) points out the printing industry generally 
follows ISO 13655 with regards to these matters. This standard specifies an illuminant of 
D50 and a standard observation angle of 2° for graphic arts applications. Lastly, the 
instruments should be calibrated on a regular basis according to manufacturer’s 
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specifications. Measurement accuracy depends on the regular and careful calibration of 
the instrument (Berger-Schunn, 1994). 
 One should remember that color measurement instruments are tools that press 
operators can use to help produce high quality color reproductions. Although these 
instruments see color as well as the human eye, they do not replace the skilled 
craftsperson (Controlling Color on Press, February 1999). In summarizing the need to use 
color measurement instrumentation, Green (1999) states: 
 “The measurements made by a color-measuring instrument will allow 
 samples to be evaluated and compared; provide a basis for quantifying  
 the difference between two samples; and be useful for calculating the  
 corrections required to a color to make it more like the reference  
 sample” (p. 47). 
Special Color Matching 
 Although there are several types of color mapping systems, the L*a*b* model is 
generally preferred for measuring and matching spot colors in the printing industry 
(Heidelberg, 1995 & Green, 1999). Adams & Weisberg (1998) add, “CIELAB color 
values are often used in quality control, such as for comparing the differences in printed 
colors” (p. 48). CIELAB color space is a 3-dimensional Cartesian coordinate system with 
its dimensions, L*, a* and b*, at right angles to each other. Within this color space a 
color can be located and given a numeric value (Green). In the CIELAB model, the a* 
and b* coordinates denote the colors hue. The a* coordinate indicates the red/green 
value, while the b* coordinate denotes the yellow/blue value. As a color moves away 
from the center of the color space, a neutral gray where a* and b* = 0, it is said to be 
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more saturated (X-Rite, 2002). The L* value indicates a colors lightness. The L* scale 
runs from a value of 0, true black, to a value of 100 representing a true white 
(Heidelberg). A two-dimensional depiction of the L*a*b* color space is shown in 
Appendix A.  
 Green (1999) states that CIELAB color space forms the basis of most color 
difference systems. Green goes on to add that for the L*a*b* model, differences are 
defined as the mathematical difference (∆ E) between the two colors being compared, 
typically called the reference and sample. When the CIE recommended the use of two 
color spaces in 1976, they also recommended the use of a color difference formula that 
could be applied to both color mapping models (Hunter & Harold, 1987). 
 The original color difference formula used an overall error description, ∆ E, that 
is derived from user defined tolerances for the L*, a* and b* values. The user defined 
∆L*, ∆a* and ∆b* values are employed to create a 3-dimensional rectangular box around 
the reference color. Values that fall within this rectangular box are said to be numerically 
correct (X-Rite, 2002). While values falling within the 3-dimensional box are said to be 
numerically correct, it was apparent that these colors were not always visually correct.  
 To address these visual differences, the Colour Measurement Committee of the 
Society of Dyers and Colourists in Great Britain developed CMC tolerancing (∆ECMC). 
CMC is a color tolerancing method designed to show better agreement between the 
subjective assessment and measured values of a color (Green, 1999). It does this by 
replacing the rectangular tolerance boundary with an elliptical one. It has been shown that 
this method better fits the human elliptical perception of color differences (X-Rite, 2002). 
In 1994 a slightly modified version of CMC was released by the CIE. 
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 CIE94 (∆E94) is similar to ∆ECMC in that it also produces an ellipsoid shaped 
tolerance area. The only difference between the two methods is that ∆E94 allows the user 
slightly more flexibility in defining the shape and size of the ellipsoid (X-Rite, 2002). X-
Rite goes on to add that while both methods show 95% agreement with visual 
assessment, CMC tolerancing may be better suited for irregular surfaces, while CIE94 is 
more appropriate for smooth surfaces. Regardless of the color difference formula used, 
X-Rite stresses the need to chose one method and use it consistently. Having discussed 
the calculation of color differences, it is now appropriate to look at how ∆E values 
compare with visual evaluation of color differences. 
 Heidelberg (1995) shares the following information regarding how ∆E values 
compare to subjective evaluation: 
 ∆E between 0 & 1  In general, this deviation cannot be perceived. 
 ∆E between 1 & 2  Very small deviation, perceived only by 
     an experienced observer. 
 ∆E between 2 & 3.5  Medium deviation, perceivable by even 
     an inexperienced observer. 
 
 ∆E between 3.5 & 5  Large deviation 
 ∆E above 5   Massive variation 
It should be noted that the above parameters are based on values calculated using the 
original ∆Eab formula. X-Rite (1998) points out that typical customer tolerances in the 
graphic arts fall between 2 and 6 ∆E values when using the ∆ECMC or ∆E94 methods of 
color difference calculation. Furthermore, tolerances of less than 2 ∆E units are quite 
often unachievable given normal process variation and differences less than 4 ∆E units 
are usually not visible to most observers (X-Rite).  
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Historical Overview  
 Hunt (1987) states “It is fair to say that understanding color finds its foundations 
in the famous experiments performed by Isaac Newton in 1666” (p. 17). However, it was 
not until the formation of the Commission Internationale l’Éclairage (the International 
Committee on Illumination or CIE) in 1913 that international color standards came to 
prominent attention (Johnston, 2001). Johnston goes on to state that the need to quantify 
color came to the fore in 1920. Attempts by the CIE to quantify color culminated with the 
release of the CIE standard colorimetric system in 1931. This standard specifies an 
internationally agreed upon system for determining the tristimulus values XYZ, and calls 
for the utilization of a standard observer angle of 2°. A 1964 supplement defined an 
additional standard observer angle of 10° (ASTM, 1991). As mentioned previously, an 
observer angle of 2°, along with a D50 illuminant, are the specifications most often used 
in the graphic arts today (Green, 1999). While the CIE 1931 colorimetric system was a 
much needed first step in quantifying color, there was room for improvement. 
 One major drawback to the original CIE XYZ model is that it implies, through its 
graphing model, that acceptable tolerances are different for each color. For reliable 
calculations of color differences, a color space was needed in which identical color 
differences have the same numerical values (Heidelberg, 1995). This shortcoming led to 
several transformations of the CIE model being proposed over the years since 1931 
(Field, 1992). One early attempt to address the issue of uniformity in a color space was 
done shortly after World War II. 
 In 1947 the L* a* b* color scheme was developed by the Hunter Associates 
Laboratories (Eldred & Scarlett, 1990).  The 3-dimensional L*a*b* color model is based 
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on the opponent-colors theory that states a color cannot be both green and red at the same 
time; nor can a color be both yellow and blue at the same time (X-Rite, 2002). Field 
(1992) relates that while Hunter’s L*a*b* model was popular in some industries, it was 
not accepted as an international standard. 
 In 1976 the CIE recommended the use of two approximately uniform color spaces 
in response to worldwide demand for a standardized color space (Berger-Schunn, 1994). 
The two formulas, CIELUV and CIELAB, are transformations of both the original CIE 
XYZ color space and Hunter’s opponent-colors model (Field, 1992). Hunt (1987) points 
out that CIELUV is most often used to measure additive color, such as television, while 
CIELAB is used primarily in the colorant industry. Kipphan (2001) adds that CIELAB is 
“probably the most popular and currently the most important color space” (p. 74). In 
addition to the two color spaces recommended in 1976, the CIE also approved an 
associated color-difference formula (Hunter & Harold, 1987). 
 The total color difference between two colors is referred to as ∆E or delta-error. 
For CIELAB color differences, ∆Eab is calculated using ∆L*, ∆a* and ∆b* values in the 
following formula (Hunter & Harold, 1987): 
                                         ∆E*ab = [(∆L*)2 + (∆a*)2 + (∆b*)2]1/2  
Attempts to improve the color difference formula have led to several derivations of the 
equation given above. CMC and CIE94 are both tolerencing systems that have shown 
better agreement between visual assessment and measured color differences than the 
original ∆Eab formula (Green, 1999). With different tolerancing options available, 
Berger-Schunn (1994) stresses that the statement of a ∆E is meaningless without 
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describing how it was obtained or calculated. As colorimetric difference systems evolved, 
so did the instruments needed to take color measurements. 
 The photometric instrument industry grew from the scientific and precision 
instrument industry (Johnston, 2001). Adams & Weisberg (1998) add “Consistency in 
printing has come hand-in-hand with the development of color measurement instruments” 
(p. 39). Frank Preucil is credited with developing the first instrument designed 
specifically for use in the graphic arts. Preucil’s densitometer was developed in the 1950s 
while he was employed at the Lithographic Technical Foundation, the predecessor to the 
Graphic Arts Technical Foundation (Adams & Weisberg). The first commercially 
available densitometer was released later in the 1950s by Welch Densichron. Several 
other manufacturers released models shortly after. In 1989 Gretag revolutionized color 
measurement in the graphic arts industry when they released a compact, hand-held 
spectrophotometer (Adams & Weisberg). 
 Prior to 1989, spectrophotometers were primarily heavy, expensive models used 
in research. Not long after Gretag released its spectrophotometer, several other vendors 
released their versions (Adams & Weisberg, 1998). While these early versions of  
hand-held spectrophotometers were expensive, four to five times the cost of a hand-held 
densitometer, Adams & Sweeny (September/October 1999) point out that spectral 
instruments have become the norm today due in large part to lower instrument prices. 
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Summary 
 Speaking about color measurement instrumentation use in the printing industry, 
Adams & Sweeny (September/October 1999) state “They provide important information 
that helps to control the color reproduction process” (p. 9). On the videotape Process 
Color Control, the producers state “The wide variety of materials, equipment and printing 
conditions require the press operator to continuously measure printed ink and adjust press 
settings to reproduce acceptable color” (Graphic Arts Technical Foundation, 1994). 
Expanding on that theme, Eldred & Scarlett (1990) point out that “altering the ink on 
hand to yield a desired color is an extremely complex operation and requires a great deal 
of skill” (p. 22). Given the previous statements, it makes sense that printing companies 
have some type of plan for giving press operators the technical training they will need to 
use color measurement instrumentation. Additionally, and maybe more importantly, press 
operators need training to be able to understand what the readings mean and how they 
can aid in achieving high quality color reproduction. To summarize the need for training, 
Rossi (February 23, 1998) says “There is absolutely no substitute for a knowledgeable, 
well-trained technical staff, and the absence of which will seriously impact a business” 
(p. 165).  
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CHAPTER III: METHODOLOGY 
  
Although there are training programs available in the use of L*a*b* color space, 
there is a lack of standardized, easy to apply training that encompasses color theory, color 
measurement & instrumentation and color mapping application. The purpose of the 
current research is to develop and implement a simple, easy to apply, pressroom training 
program centered on color theory, color measurement instrumentation and L*a*b* color 
mapping application. In addition to designing and delivering the training, the researcher 
will also attempt to quantify the results of implementation to see if in fact the pressroom 
personnel who received the training found it to be helpful with their color matching 
responsibilities. To quantify the results of the training, the researcher will employ a 
follow up survey to gauge the effectiveness of the training from the trainee’s standpoint.  
The balance of this chapter will take an in-depth look at the research methods 
utilized for this study. First, the research design will be explained in detail. This will 
include an examination of how the need for this training was brought to the attention of 
the researcher, as well as an overview of the company were the training program was 
implemented. In addition to this, the researcher will explain how the instructional system 
design model and its components were applied to the present study. After reviewing the 
training model, the populations involved in the research will be covered. Lastly, the 
survey instrument used as a training evaluation tool in the study will be examined. 
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Research Design 
Rothwell & Benkowski (2002) state that the most effective technical training 
programs are delivered for specific needs. The specific need for the present training 
program was derived from a scenario that many technical trainers are familiar with: 
Customer driven change. It is not uncommon for a customer to require changes in 
specifications, production processes or a host of other conditions for doing business. 
Quite often these changes require the use of new, or at least different, technologies and 
tools. Successful managers recognize the importance of training technical personnel if 
customer’s expectations are to be continuously met (Rossi, February 23, 1998). 
  Approximately two years ago, the researcher received a phone call from the 
Quality Assurance (QA) manager at a local packaging printer. The manager relayed that 
one of the company’s largest customers had recently informed them the use of subjective 
color matches for reproduction of their corporate colors would no longer be acceptable. 
This change was being made in an effort to standardize the color reproduction of their 
packaging, which is produced by a variety of printing companies. The manager went on 
to add that her employer had purchased the instrumentation needed to objectively 
measure these colors.  
While they were currently using the instruments, the press operators, an ink 
technician and QA personnel were not really sure how to use the numbers the instrument 
gave them. This lack of knowledge was contributing to longer make-readies and an 
inordinate amount of substrate waste. To solve the problem, the QA manager requested 
that the researcher develop a customized training program to be delivered at the 
company’s production facility. Additionally, the manager requested that this program be 
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implemented as soon as possible as the excessive make-ready waste and times were 
becoming very costly. 
 Before continuing, it is appropriate to give some background information on the 
company where the research was conducted, hereafter referred to as “the client”. The 
client is a mid-size packaging printer located in the Fox Valley region of Wisconsin. The 
client has two production facilities that house three distinct production segments.  For the 
current study, the training will be limited to the tag and label segment of the company. In 
this division, narrow-web flexographic presses are used to print tags and labels on a 
variety of substrates. Although it may be done in the future, there is currently not a need 
for this training in the other two production segments. Prior to constructing a training 
program, the researcher spoke with the Production and QA managers to insure that the 
content and structure of the training program were going to meet the company’s needs. 
 Unfortunately, the time frame allotted to implement the first training session did 
not allow for the thorough research and preparation time that is typically desired when 
developing a technical training program. This is not to say the first training session was a 
failure. Some very positive feedback was given to the researcher and the possibility of 
doing the training again in the future was discussed with managers and supervisors at the 
client’s facility. 
Two factors drove the need to deliver the training program again.  Firstly, the 
managers felt there was a need to give a “refresher” course to those who received the 
training earlier. Secondly, the managers stated that approximately one-third of their 
current press operators were hired since the first training sessions. Therefore, the 
Production and QA managers felt the time was right to implement this training again. 
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This in turn provided the researcher an opportunity to improve upon and formalize the 
training program. 
 There is little or no consensus among employers regarding the optimal structure 
and organization of technical training (Carnevale et al., 1990). While this is true, there is 
an instructional model that has been adopted by many business and training 
organizations. Initially used by the military, the instructional system design (ISD) process 
has been proven in a wide variety of business applications (Clark, 1999). While there are 
different published versions of the ISD model, they all share five common steps: 
Analyze, Design, Develop, Implement and Evaluate (Rothwell & Benkowski, 2002). 
Rothwell & Benkowski add that these five steps are commonly referred to as the ADDIE 
model; ADDIE being an acronym formed from the first letters of each of the key words. 
 Analysis is the first step in the ISD process. The analysis phase includes needs 
assessment and task analysis, both of which will lead to defining a learning objective in 
the design phase (Clark, 1999). Rothwell & Benkowski (2002) expand on this concept by 
adding “It is essential that analysis yield a description of the problem, the number of 
people affected by it, the specific learning requirements they have, and descriptions of 
how the instructional and work environments will affect what they learn” (p.133). With 
respect to the current study, these attributes were defined by obtaining input from the 
Production and QA managers at the client’s facility.  
 After consulting the appropriate managers at the client company, it was agreed 
upon that the problem was a lack of complete understanding of color theory and the 
L*a*b color mapping model. Approximately 15 people working in the press and QA 
departments were directly affected by the problem. The learning requirements included 
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the need for knowledge of color theory, the need for an understanding of color 
measurement instrumentation and the attributes said instruments read, and lastly, the need 
to be able to take color measurements and apply these measurements to their color 
matching responsibilities. It was also agreed upon that the instructional environment 
would give the trainees the opportunity to obtain and practice the required skills, while 
the work environment would give the learners the opportunity to apply the knowledge 
they have learned. By defining these attributes, the researcher had the information 
required to write a learning objective and move onto the design phase of the ISD process. 
 Once again, in consultation with management personnel at the client company, 
the following learning objective was agreed upon: After completing the training, the 
learners will be able to measure spot colors using the appropriate instrumentation and 
apply the measured readings to achieving acceptable spot color matches on press. In the 
analysis phase the researcher was concerned with defining the problem and specifying its 
cause. In the design phase, the trainer needs to clarify the solution and lay out a plan for 
applying this solution (Rothwell & Benkowski, 2002). 
 For the current study, it was agreed upon that the solution would be a training 
program centered on color theory, color measurement instrumentation and L*a*b* color 
mapping application. Additionally, the involved parties came to the consensus that the 
best approach to presenting this information would be through a combination of the 
following instructional media types: Classroom lecture, classroom demonstrations and 
classroom practice exercises. 
 While delivering instruction by lecture is often maligned by many inside and 
outside of education, McKeachie (1978) states “Lecturing is popular because it 
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summarizes content in a form understandable by a particular group of learners. Some of 
the disadvantages such as lack of feedback are not a problem if the learner is motivated 
and the material is not too hard” (p. 26). In support of training demonstrations, Clark 
(1999) points out that when teaching procedures, which this training ultimately does, 
instructors need to include a demonstration. Finally, to be effective, training must provide 
relevant information supported by practice exercises (Clark). The last step in the design 
phase is determining how the learning will be assessed. 
 Evaluation or assessment is an important part of any instructional model because 
after the instruction is done, stakeholders want to know if they got their money’s worth 
from the training (Rothwell & Benkowski, 2002). Members of management at the client 
company, with input from the researcher, decided assessment would be carried out by 
two methods. The first method would be on-the-job evaluation done by front line 
supervisors. This was easy enough to achieve because this is already part of the 
supervisors job responsibilities. Clark (1999) supports this in saying the best method to 
evaluate procedural learning is through performance tests. Evaluations done by line 
supervisors are ongoing, and therefore beyond the scope of this study. The second 
method of evaluation is a bit more direct. It was agreed upon, again jointly, that a follow 
up survey would be given to the trainees. This survey was given approximately two 
weeks after the training so the learners had an opportunity to apply the knowledge they 
obtained. The purpose of the survey was to gauge the effectiveness of the training from 
the trainees stand point. Additionally, feedback for future improvements to the training 
was solicited with the survey. The survey instrument will be covered later in this chapter. 
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Having completed the first two steps of the ADDIE cycle, the researcher moved onto the 
development of the curriculum. 
 The development stage involves the preparation of instructional resources to be 
used in the training (Clark, 1999). It is at this point that the course is “framed”, meaning 
the content needed to make the course complete is prepared (Rothwell & Benkowski, 
2002). The first step taken in development of the current training was the completion of a 
training outline. This outline was made considering input from both the literature review 
for the current research, as well as discussions with management at the client company. A 
copy of the outline for the present training model can be found in Appendix B. 
Upon completing an outline for the training, the researcher began writing 
individual lesson plans. To assist in writing the lessons, the researcher employed Exhibit 
5.9: Template for a lesson plan for a classroom-based technical training course (Rothwell 
& Benkowski, 2002). A copy of the lesson plan developed for the first training topic 
“Light & Color” is included in Appendix C. After completing all of the lesson plans, the 
researcher moved on to the implementation phase of training. 
Implementation or delivery is the fourth step in applying the ISD model. This is 
when the plans created during the analysis, design and developmental phases are put into 
practice (Rothwell & Benkowski, 2002). For the current study, implementation took 
place at the client’s facility when it best fit into the production schedule. 
  In the developmental stage of the ISD procedure it was estimated by the 
researcher that the training would take approximately five hours. After discussing options 
with management at the client company, it was decided that the training would be broken 
into two segments (see course outline, Appendix B). This method was chosen because it 
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gives the participants less information to absorb at one time. Additionally, each lesson 
would be given twice in one day to ensure that persons working either shift had the 
opportunity to participate in the training. Management would allocate three hours per 
session to allow adequate time for the training and follow-up questions. It was also 
agreed upon that the training would take place on two consecutive days if the production 
schedule allows. Upon implementing the training, it was time to complete the ISD cycle. 
 Evaluation is the fifth and final step in the application of the ISD model. As 
mentioned earlier, evaluation is an important component of any instructional model. It is 
during after-the-instruction evaluation that the results of the training should become 
evident (Rothwell & Benkowski, 2002). It was decided in the design phase that 
evaluation for the current study would have two parts: ongoing on-the-job evaluation and 
a short follow-up survey to gauge the effectiveness of the training from the participant’s 
standpoint. The components of the survey instrument will be examined later in this 
chapter, while the on-the-job evaluations will be done internally by the client. Having 
completed a review of the research design, the researcher will now discuss the 
populations involved in the study. 
Subjects 
 The population for the current research included everyone employed at the client 
company in the narrow-web division who has a need to use color measurement 
instrumentation to perform their respective job responsibilities. This includes the 
following job titles: Press operators, QA personnel, an ink technician and supervisors and 
managers of the personnel listed previously. It was estimated that approximately 15 
employees would fall under these job titles and therefore require the training. Although 
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all of these parties work for the client, their backgrounds with respect to training in color 
matching are varied. 
 Ink technicians generally receive more formalized training in color matching than 
any of the other participating groups. This extended training will typically be provided by 
the printers primary ink vendor. While successful press operators usually have a strong 
mechanical aptitude, few receive formalized training in color matching. Press operators 
receive most of their color matching training on-the-job from more experienced 
operators, an ink technician or a supervisor. If press operators do receive formal training 
in color matching, it would generally be supplied by an ink or color measurement 
instrument vendor. QA personnel are likely to have the weakest background in color 
matching of all the groups targeted for training. At the client company, persons holding 
the position typically transfer into the job from other departments within the organization. 
Lastly, supervisors and managers of the previously listed employees often come from the 
ranks of press operators, therefore having color matching skills comparable to an 
experienced press operator.  
Survey Instrument 
 It was decided by the researcher and management at the client company that the 
follow-up survey should be kept as short and concise as possible. This was done in an 
attempt to keep the time requirement low and encourage participation. In addition to the 
survey questions, the questionnaire also included a participant consent form. The survey 
was given to participants approximately two weeks after the training. This gave the 
trainees an opportunity to apply the training to their jobs prior to evaluating the training 
itself. A copy of the questionnaire and consent form is included in Appendix D. 
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 The questions used in the survey were developed by the researcher in consultation 
with managers at the client facility.  It was agreed upon between the researcher and 
managers at the client company that the ultimate goal of the survey was to see if the 
participants found the training to be helpful with their color matching responsibilities. In 
addition to this, the survey should ask if it is useful to go through the training more than 
once. Lastly, the survey should solicit feedback about the training that can be used for 
future additions and improvements. 
The first six questions on the survey address the participant’s perception of the 
effectiveness of the training. A five step Liker scale is employed with 1 being ‘strongly 
disagree’ and 5 being ‘strongly agree’. Question seven inquires about attendance in the 
first training sessions, with question eight being a follow-up about the usefulness of 
attending the training sessions a second time. Lastly, question nine on the survey solicits 
specific comments and feedback on the training.  
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CHAPTER IV:  RESULTS 
  
The purpose of the present research is to develop and implement a simple, easy to 
apply, pressroom training program centered on color theory, color measurement 
instrumentation and L*a*b* color mapping application. In addition to designing and 
delivering the training, the researcher will also attempt to quantify the results of 
implementation to see if in fact the pressroom personnel who received the training found 
it to be helpful with their color matching responsibilities.   
The training program was developed using the instructional system design (ISD) 
model.  The ISD model utilizes the five systematic steps of Analyze, Design, Develop, 
Implement and Evaluate.  The researcher performed each of the five steps taking into 
consideration the literature review, input from managers at the client company and 
feedback from an earlier training session at the client company. 
The training was delivered at one of the clients production facilities on three 
consecutive Wednesdays.  Each session was about one and one-half hours long and began 
at the end of the first shift and carried into second shift.  These delivery times present a 
change from what was originally planned.  Initially, the plan was to do the training in two 
sessions using two and one-half hour timeframes.  Additionally, the original plan was to 
do two sessions per day, one for first shift and one for second shift.  When the time came 
to deliver the training, managers at the client company informed the researcher that they 
were unexpectedly busy and needed to modify the training schedule.  The training was 
scheduled at a time that was traditionally a slow period, but, due to the volume of work in 
the client’s facility, the researcher had no choice but to modify the delivery times. 
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Each training session was delivered to approximately fourteen people in the 
clients label production facility with the targeted job titles of Press Operator, Ink 
Technician, Quality Assurance Technician and their direct supervisors.  Essentially, 
everyone who has color matching responsibilities included in their job duties.  The minor 
variations in attendance were due to vacations, absences and twelve hour shifts for some 
press crews.  In addition to the target audience, managers at the client company requested 
the training be open to Sales and Customer Service personnel.  While these employees do 
not have color matching responsibilities, they do have a need to communicate clearly 
about color with both the customer and the production department. Although they were 
allowed to attend the training, it was agreed between the researcher and the client’s 
managers not to include these participants in the follow-up evaluation based on the 
limited application of the training to their job duties.  
The training evaluation survey was given to the target participants two weeks 
after the last training session.  The researcher and managers at the client company chose 
this timeframe to allow the trainees to apply the training “on the job” for a short time 
prior to evaluating the training.  A copy of the evaluation survey and the accompanying 
consent form appear in Appendix D.  In total, twelve of the targeted participants 
completed the evaluation survey.  A couple of the participants were not able to take the 
survey due to absence or twelve hour shifts.  With a total of fifteen targeted trainees, this 
gave the researcher eighty percent participation in the evaluation survey.  The balance of 
this chapter will cover the results of the training evaluation survey.  The researcher will 
first present the results of the evaluation survey.  This will be followed by a brief 
summary of the results. 
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Evaluation Survey Results 
Table 1: Training Evaluation Data 
  1 2 3 4 5 Avg.
1 At least some of the material from the training 
 session was new to me. 0 0 3 8 1 3.8 
2 After the training I have a better understanding 
 of color theory. 0 0 0 9 3 4.3 
3 After the training I have a better understanding 
 of the instruments used to measure color. 0 0 3 7 2 3.9 
4 After the training I have a better understanding       
 of how to use L*a*b* color mapping as a tool 
 to aid in matching spot colors. 0 0 1 9 2 4.1 
5 I will be better at matching spot colors because 
 of the training. 0 0 4 6 2 3.8 
6 The training was an effective use of training time. 0 0 2 8 2 4.0 
 Total 0 0 13 47 12 4.0 
 
 
  Yes No 
7 Did you participate in the training the first time it 9 3 
 was offered two years ago? 75% 25% 
8 Was it helpful to go through the training again? 9 0 
  100% 0% 
 
The twelve completed training evaluation surveys showed the results listed above 
in Table 1.  Questions one thru six employed a five step Liker scale with 1 being 
‘strongly disagree’ and 5 being ‘strongly agree’. Question seven inquired about 
attendance in the first training sessions, with question eight being a follow-up about the 
usefulness of attending the training sessions a second time. Lastly, there was a ninth 
question on the survey which solicited specific comments on the training.  
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The average response for all of the six questions which used a Liker scale was 4.  
Question two, regarding the trainees understanding of color theory, had the highest 
average response with a 4.3. Questions one and five tied for the lowest average response 
with a 3.8.  Question one inquired about the newness of the material to the trainee, while 
question five asked if the trainee would see improvement in matching colors on press due 
to the training. 
The results to question seven show that seventy-five percent of those surveyed 
had gone through the previous training sessions on this topic.  Question eight shows that 
of those who went through the training earlier, one-hundred percent thought it was 
helpful to go through the training again. 
Lastly, of the twelve training evaluation surveys completed, four contained 
specific comments under question nine.  Those comments can be found in Appendix E. 
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CHAPTER V: DISCUSSION 
  
Professionals in the graphic arts industries will tell you that today color sells more 
than ever. The constantly increasing use of color, combined with intense competition in 
the printing industry have led many print buyers to become more demanding when it 
comes to purchasing high quality color reproduction. “Close enough” color matches are 
rapidly becoming “not good enough” matches.  While many printers have been able to 
get by “eyeballing” colors in the pressroom, the growing use of corporate colors and 
today’s sophisticated print buyers will push more printers to begin objectively measuring 
special color matches.  In order to do this printers must purchase the appropriate color 
measurement instrumentation and train pressroom personnel on the correct procedures for 
using the instruments to obtain satisfactory color matches.  The purpose of the current 
research is to develop, implement and evaluate a training program centered on color 
measurement and its application to special or spot color matches in the pressroom. 
In this chapter the researcher will first reexamine the problem statement and 
limitations of the current study.  Next, the researcher will draw conclusions about the 
effectiveness of the training program based on the results of the training evaluation 
survey.  Lastly, the researcher will close this chapter with recommendations for future 
training of this type at the client company and other printing companies.  Possible 
improvements to the training program will also be examined in this final section. 
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Statement of the Problem 
 Although there are training programs available in the use of L*a*b* color space, 
there is a lack of standardized, easy to apply training that encompasses color theory, color 
measurement & instrumentation and color mapping application. 
Limitations of the study 
1. The ability to accurately quantify whether or not the training is useful to the 
personnel who receive it may be limited. A survey will be given to all of those 
who receive the training.  Although the survey will be done anonymously, there is 
the possibility of inaccurate responses when giving a survey.  
2. There is no guarantee that printing companies not participating in research will 
use the training methods developed in the research.  
3. There is no guarantee that the printing company participating in the research will 
continue to use the training methods. 
Conclusions 
 Conclusions on the success of the training program developed for the current 
research are based on data from the evaluation survey.  The only other source of feedback 
would be the managers from the client company who initiated the training.  The manager 
who coordinated the training at the client company took part in both the training and the 
evaluation survey.  Therefore, feedback from the client company’s management team is 
already included in the evaluation survey results. 
 The researcher found both positive and negative aspects in the results of the 
training evaluation survey.  On the positive side, the researcher is pleased with the overall 
average rating given by the participants.  Another positive aspect that came out of the 
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survey was the fact that all of the participants who attended the earlier training sessions 
felt it was helpful to go through the training again.  On the negative side, question five on 
the survey tied for the lowest average response.  This question asked if the participant 
thought the training would improve their color matching skills on the job. 
 The trainees who took the evaluation survey gave an average rating of four out of 
a possible five points on the six questions that used a Liker scale. While this certainly 
leaves room for improvement, it does support the researcher’s view that there is a need 
for this type of training.  The first six questions on the survey sought to measure both the 
usefulness and effectiveness of the training from the learner’s standpoint.  The average 
ranking of four shows that the participants agree the training was effective.  Looking at 
individual questions, numbers two, four and six had an average ranking of four or above. 
 Questions two and four inquire if the trainee has a better understanding of color 
theory and L*a*b* color mapping application, respectively.  Question six asks if the 
trainee thought this training was an effective use of training time.  The fact that these 
questions had an average response of four or higher also supports the researchers view 
that there is a need for this type of training program.  In addition to the overall positive 
results from the evaluation questions that utilized a Liker scale, question eight showed 
results that have influenced the researchers recommendations later in this chapter.  
 Question seven asks the participants if they took place in the previous color 
mapping training at the client company.  As mentioned previously, seventy-five percent 
of those who took the survey had attended the earlier training sessions.  While that is 
important information, the follow-up question, number eight, gives the researcher some 
remarkable data.  All nine of those who attended prior training on this topic thought it 
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was helpful to go through the training again.  The researcher believes there are two 
reasons for this overwhelming response in support of ‘refresher’ training. First, you have 
a large volume of material delivered in a relatively short time, and second, the material 
itself is somewhat complex. 
In addition to the useful data mentioned previously, question number nine, which 
solicited comments from the trainees, also gave the researcher some good feedback.  Two 
of the comments again stressed the importance of follow-up training, while the other two 
noted on the usefulness of the training.  Those comments can be found in their entirety in 
Appendix E.  While the overall results of the training evaluation survey were positive, the 
results are not without a negative aspect. 
Questions one, three and five all showed average ratings of less than four.  
Although the researcher believes there may be a valid reason for the lower response to 
questions one and three, the lower response to question number five is the most 
disappointing data to come from the evaluation survey. 
Question number one asks the participants if at least some of the material from the 
training sessions was new to them.  Since seventy-five percent of the learners had gone 
through this type of training previously, it was not unexpected that the average rating for 
this question tied for lowest overall at 3.8.  Question three inquires if the training gave the 
attendees a better understanding of the instruments used to measure color.  The researcher 
feels the rating of 3.9 for this question is most likely due to the complex nature of these 
instruments.  Within the training program it is only appropriate to talk about these 
instruments in a general sense.  It is not possible to train participants on the use of every 
make and model of color measurement instrumentation. 
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The researcher found it more difficult to explain the lower than average rating of 
3.8 for question number five.  Question five asks if the trainee will be better at matching 
spot colors in the future.  Of all the questions, the researcher had hoped for the highest 
rating on this one because the training ultimately hopes to improve each individual’s 
ability to match colors in the pressroom.  One explanation for the lower rating on this 
question could be cynicism among some of the attendees.  In a manufacturing setting, 
cynical people can often be found.  A better explanation though, comes from some 
comments made during the question and answer sessions that ended each training period. 
Some of the participants noted that even with the proper instrumentation and 
knowledge of how to use it, there are still variables in the color matching process that are 
beyond their control.  While these comments had the potential to lead to a ‘gripe session’, 
some very valid points were made such as the need to start critical color match jobs with 
properly mixed, unadulterated ink.  Some of these comments were taken into 
consideration by the researcher and will be included in the recommendations that follow. 
Recommendations 
 It is likely that the use of L*a*b* color mapping will continue to grow in the 
printing industry.  Fierce competition in the high end color reproduction and packaging 
markets, along with increasingly demanding print buyers, are two factors that will drive 
this growth.  In addition to those influences, the use of color measurement tools has the 
potential to reduce make-ready times and waste.  As managers in the printing industry 
realize that measuring special colors can add to the bottom line in several ways, the need 
for training in color measurement and color mapping applications will continue to grow.  
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 Based on the previous statements, the researcher recommends the use of the 
current training program by any printing company that is using L*a*b* color mapping. 
This program can be delivered in a relatively short timeframe with minimal expense.  It is 
the opinion of the researcher that not training pressroom personnel on the proper use of 
the instruments and data they give will be much more costly in the long run.  As stated 
previously, the process of measuring spot colors can be somewhat complex.  A good 
training program can go a long way to remove some of the unanswered questions that 
pressroom personnel are likely to have. 
 In addition to the initial training on the use of L*a*b* color mapping, results from 
the training evaluation survey support the need for occasional ‘refresher’ training.  The 
researcher believes that offering the training approximately every three years should be 
adequate.  While this will help to keep the information fresh in the minds of the seasoned 
press operator, it will also bring new press operators up to speed on special color 
matching and tools that can assist in the process. 
 In closing, the researcher would like to recommend additional training that could 
be combined with the training developed for the current study.  During the question and 
answer sessions that followed the training, several of the participants mentioned there is 
also a need for training on how to properly ‘alter’ ink.  There are four major printing 
processes in use today.  Although they all use different types of inks, one thing they have 
in common is that the ink quite often has to be modified in some fashion to match a color 
or run properly.  Among other things, these modifications to the ink can include additions 
to change the inks color, consistency or ability to dry.  Ideally, this training would also 
include information regarding ink metering and application. 
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Metering describes how a printing process controls the flow of ink.  Ink metering 
and application vary considerably from process to process, so, unlike the color 
measurement training, this training would need to be process specific.  This type of 
training is best provided by a technical expert from the printers main ink vendor.  In most 
cases, ink companies have staff members who can provide this service for their 
customers. 
 Training in making ink modifications, when combined with the training 
developed for the current research, should give press operators the skills that they need to 
be successful in printing and matching special colors.  This combination of training could 
also give today’s high end commercial and packaging printers a competitive advantage in 
the ever tightening markets they face.  
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APPENDIX A 
 
L*a*b* Color Space 
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APPENDIX B 
 
Outline of Training Program 
 
Day 1-Color Theory & Color Measurement (2.5 hrs.) 
 
I.    Light & Color 
 A. The Sensation of Color 
 B. The Electromagnetic Spectrum 
 C.  Visible Light 
 D.  Viewing Conditions 
  
II.   Color Creation 
 A. Color by the Addition of Light 
  1.  Additive color theory 
  2.  The additive primaries 
  3.  The additive secondaries 
  4.  Applications    
 B.  Color by the Subtraction of Light 
  1.  Subtractive color theory 
  2.  The subtractive primaries 
  3.  The subtractive secondaries 
  4.  Applications  
 
III.  Factors Affecting Color Reproduction 
 A.  Pre-press 
 B.  Ink 
 C.  Paper 
 D.  Press   
 
IV.   Color Measurement Instrumentation & Color measurement 
 A.  Densitometers 
  1.  Densitometric data 
  2.  Applications 
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B.  Colorimeters 
  1.  Colorimetric data 
  2.  Applications 
 C.  Spectrophotometers 
  1.  Spectral data 
  2.  Colorimetric data 
  3.  Applications 
V.  Questions 
 
Day 2-The Application of L*a*b* Color Mapping to Spot Color Matching (2.5 hrs.) 
I.    In-Depth Study of L*a*b* color mapping 
 A.  3-dimensional Cartesian coordinate system 
 B.  Opponent-colors theory 
  1.  a* axis 
  2.  b* axis 
  3.  L* axis 
 C.  Tolorencing methods 
  1.  ∆ E 
  2.  ∆ ECMC
  3.  ∆ E94
 D.  Application to spot color matching 
II.   Demonstration of how to use L*a*b* color space to match spot colors 
III.  Participants work through application problems 
IV.  Questions 
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APPENDIX C 
 
Lesson #1 – Light & Color 
 
 
 
Purpose of the Lesson 
 
The purpose of this lesson is to teach the learners the fundamentals of light with regards 
to the role it plays in the sensation of color. 
 
Objectives of the Lesson 
 
Upon completion of this lesson, the learner will have a basic understanding of light and 
the manner in which it affects how humans see color. The learner will also understand 
and be able to use basic terminolgy associated with light and color. 
 
Organization of the Lesson (Structure) 
 
I.    Light & Color 
  
A. The Sensation of Color – 3 variables 
  1.  An object – absorbs and reflects/transmits light 
  2.  An observer – large variation 
  3.  A light source – large variation 
   a.  Color temperature - Kelvin 
  
B. The Electromagnetic Spectrum 
  1.  The entire range of radiation wavelengths 
   a.  Small – Gamma (10-5 nm) & X-rays (10-1 nm) 
   b.  Large – Radio waves (1014 nm) 
   c.  A very small band contains visible light 
  
C.  Visible Light 
  1.  Approximately 400 to 700 nm on the spectrum 
  2.  Contains infinitesimal colors 
  3.  Dominant red, green and blue regions 
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D.  Viewing Conditions 
 1.  Standard viewing conditions 
  a.  Required for consistency 
  b.  5000 Kelvin – standard for graphic arts 
 
 
 
 
Targeted Participants 
 
This training is designed for anyone working in the graphic arts who has a need to use 
and/or understand color measurement instrumentation. Targeted job titles include the 
following: Press operators, ink technicians, production supervisors and quality control 
personel. 
 
Participant Material 
 
There are no handout materials for this particular lesson. The instructor will find it 
helpful to have a diagram of the electromagnetic spectrum. Ideally, it would highlight 
the visible region. 
 
Assessment 
 
While there is no specific assesment related to this lesson, the instructor can relate the 
instruction to the natural world by quizing the participants. For example, it may be 
helpful to ask participants if they have seen the complete visible spectrum before (ie. 
rainbow). A follow up question might be to ask if the participants know how rainbows 
are created (raindrops refract (bend) wavelenths of visible light unevenly). 
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APPENDIX D 
Color Measurement Training Survey 
 
Circle the number that best represents your feelings about the following statements. 
1 = Strongly Disagree (SD) 
2 = Disagree (D) 
3 = Neutral (N)  
4 = Agree (A) 
5 = Strongly Agree (SA) 
                 SD     D     N      A    SA 
1. At least some of the material from the training  1      2      3      4      5 
session was new to me. 
 
2. After the training I have a better understanding  1      2      3      4      5 
 of color theory. 
 
3. After the training I have a better understanding  1      2      3      4      5 
 of the instruments used to measure color. 
 
4. After the training I have a better understanding  1      2      3      4      5 
 of how to use L*a*b* color mapping as a tool 
 to aid in matching spot colors. 
 
5. I will be better at matching spot colors   1      2      3      4      5 
 because of the training. 
 
6. The training was an effective use of     1      2      3      4      5 
 training time. 
 
7. Did you participate in the training the first time it was offered about 2 years ago? 
 
 ? Yes    ? No 
 
  
If you answered No to question #7, skip question #8. 
 
  
8. Was it helpful to go through the training again? 
  
 ? Yes    ? No 
 
9.  Comments (use back if needed): 
 
 
55 
 
 
 
Consent Form 
 
 
  By returning this questionnaire, the respondent is giving his 
  or her informed consent as a participating volunteer in this  
study. In giving consent, the respondent understands the basic  
nature of the study and agrees that any potential risks are exceed- 
ingly small.  The respondents also understand the potential  
benefits that might be realized from the successful completion  
of this study. The respondents are aware that the information is  
being sought in a specific manner so that only minimal identifiers 
are necessary and so that confidentiality is guaranteed.  The  
respondents realize they have the right to refuse to participate and  
can decide to withdraw from participation at any time during the  
study without coercion or prejudice. 
 
  NOTE: Questions or concerns about the research study  
should be addressed to Dale Drake, 920-735- 4879, the  
researcher, or Joe Benkowski, 715-232-5266, the research  
advisor.  Questions about the rights of research subjects can  
be addressed to Sue Foxwell, Human Protections Administrator, 
UW-Stout Instructional Review Board for the Protection of  
Human Subjects in Research, 11 Harvey Hall, Menomonee, WI, 
54751, phone 715-232-1126.  
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APPENDIX E 
Comments from Question #9 of the 
Training Evaluation Survey 
 
 
 “Even though I listened to you a couple of years ago it was great you came in 
because what we learned before didn’t seem to apply as much because it wasn’t as 
critical to use color measuring tools.  Thanks again and hope to see you in the future.” 
 
 “The lack of training at ‘the client’ in the past is a major contributor to the failures 
of this company.  This course and future others like it is a step in the right direction.  
Everyone involved with the training will benefit either with ‘the client’ or a different 
company.” 
 
 “This is very good training and I feel that it should be done at least every two 
years to teach and refresh operators.” 
 
 “Excellent presentation.  Stayed on topic and on time.  Left time to answer 
questions and was an excellent training resource.” 
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